Homozygous mutant rats at the newly found white spotting (Ws) locus were anemic and deficient in mast cells and melanocytes. Because the phenotype of Ws/ Ws rats resembled the phenotype of mice possessing a double-gene dose of mutant alleles at the W locus and because the c-kit gene was mapped at the W locus of mice, we characterized the c-kit gene of Wsl Ws rats. The authentic sequence of the rat c-kit cDNA was determined by using a cDNA library prepared from the hippocampus of Sprague-Dawley rats. The c-kit cDNA of Wsl Ws and normal (+ / +) control rats was obtained by reverse transcriptase modification of the polymerase chain reaction. When compared with the authentic sequence, RECENTLY FOUND the black-eyed white rats w that were deficient in erythrocytes and mast cells.'
Ws/+) rats were produced by mating a male WslWs rat to a BN-+/+ female rat. Ws/Ws, Ws/+, and +/+ rats were identified by their coat color.'
Screening of the normal rat cDNA library. A Sprague-Dawley rat hippocampus cDNA library in the bacteriophage @lo was purchased from Clontech Laboratories Inc (Palo Alto, CA). The library was screened with a 1.6-kb mouse c-kit cDNA fragment that was kindly given by Dr Nishikawa (Kumamoto University, Kumamoto, Japan). The probe was labeled with [32P]-a-deoxycytidine triphosphate (dCTP) by random oligonucleotide priming. Positive isolates were purified; the inserts were subcloned into plasmid pUC119 (Takara Shuzou, Kyoto, Japan) or Bluescript KS (Stratagene, La Jolla, CA) and further characterized by DNA sequencing. DNA sequencing reaction was performed by the method of Sanger et a16 using ["PI-a-dCTP. Polymerase chain reaction (PCR) was performed by using seven complementary oligonucleotide primers. The following oligonucleotide primers were used: primer 1, GAGC-TCAGAGTCTAGCGCAG (17 through 36); primer 2, AGCT-GCGTTGGGTCTATGTA (1758 through 1777); primer 3, AG-GAGATAAATGGGAACAATTATGT (1732 through 1756); primer 4, CTTCCI'TGATCATCTTGTAAAACTT (2679 through 2703); primer 5, TAGCCAGAGACATCAGGAATGA (2485 through 2506); primer 6, GTATGAACGCATACAACGTA (3714 through 3733); and primer 7, ATGCTCTCCGGTGCCATC (2552 through 2569) (sequences are written from 5' to 3', and the numbers in parentheses refer to the region of the sequence shown in Fig 1) .
Total RNA was prepared from the cerebellum of WslWs and BN-+/+ rats by using the guanidine isothiocyanate method.' Genomic DNA was prepared from the liver of Ws/Ws, Ws/+, and BN-+/+ rats by the standard method: Total RNA (4 kg) was random primed and converted into cDNA. cDNA synthesized from 4 pg of total RNA or genomic DNA (1 ng) was amplified in a 100-pL reaction mixture by a Perkin-Elmer-Cetus DNA thermal cycler (Norwalk, CT) using Taq DNA polymerase in 25 cycles of 1-minute denaturation at 94"C, 2-minute annealing at 50"C, or 58T, and 3-minute synthesis at 72°C.9 To minimize possible artifacts that could be caused by priming with PCR, the number of PCR cycles was kept to a minimum. PCR products were gel-purified, treated with T4 polynucleotide kinase, and then treated with the Klenow fragment of DNA polymerase I . The products were subcloned into the SmaI site of pUC119 or the EcoRV site of Bluescript KS for sequence analysis.
Oligonucleotide primers.
RNA and genomic DNA preparation. cDNA synthesis and isolation of PCR-amplified products. 
RESULTS
A 1.6-kb fragment of the mouse c-kit cDNA was used as a probe, and four positive clones were isolated from 6 x lo5 phages of the XgtlO cDNA library, which was prepared from the hippocampus of Sprague-Dawley rats (Fig 1) . The clone 1-6 contained an insert of 2.3 kb, clone 2-3 an insert of 2.6 kb, clone 9-2 an insert of 2.7 kb, and clone 6-3 an insert of 1.2 kb. Because clones 1-6 and 2-3 appeared to cover the principal portion of the c-kit cDNA (Fig l) , we first sequenced these two clones. The clones 9-2 and 6-3 were also sequenced for confirmation. The complete sequence of 3,816 bp consisted of the entire coding region of the c-kit gene (2,934 bp) with 5' (44 bp) and 3' (838 bp) untranslated sequences (Fig 2) . The coding region of the c-kit gene showed 91% homology between rats and mice" and 83% homology between rats and humans." The acquired rat sequence was used as the authentic sequence. The predicted amino acid sequence was also shown in Fig 2. The overall amino acid homology was 92% between rats and mice'" and 84% between rats and humans."
Three sets of primers were used to cover the whole coding region of the c-kit cDNA (Fig 1) . Fragments of cDNA obtained by reverse transcriptase modification of PCR amplification from WslWs and BN-+/+ rats were sequenced. The sequences were compared with the authentic sequence determined by using the cDNA library from the hippocampus of Sprague-Dawley rats. In the cDNA fragments that intervened between primers 1 and 2, three independent substitutions of a base were found in both WslWs and BN-+/+ rats: a GC CG transversion at nucleotide 197, a CG + TA transition at nucleotide 434, and an AT + GC transition at nucleotide 659. However, all three substitutions do not result in alteration of amino acids and appear to be polymorphic changes between the SpragueDawley and BN strains. In the fragment that intervened between primers 3 and 4, a deletion of 12 bases (nucleotides 2520 through 2531) was detected in cDNA derived from WslWs rats but not in cDNA derived from BN-+/+ rats (Fig 2) . The sequence of the deleted 12 bases predicted four amino acids (Val-Lys-Gly-Am), which were residues 826 through 829 of the c-kit protein (Fig 2) . Two independent clones obtained from a WslWs rat and three independent clones from another Ws/Ws rat showed the same deletion. In contrast, no changes from the authentic sequence were detectable in a clone from a BN-+/+ rat and two independent clones from another BN-+/+ rat. In the cDNA fragment that intervened between primers 5 and 6, the deletion of 12 bases was confirmed in cDNA derived from two WslWs rats, but no other changes from the authentic sequence were detectable in cDNA derived from both WslWs and BN-+/+ rats.
In the next experiment, we examined if the deletion of 12 bases existed in the c-kit genomic DNA of WslWs rats. DNA isolated from the liver of WsIWs, W s / + , and BN-+/+ rats was used as a template, and the DNA fragment between nucleotides 2485 and 2569 was amplified by PCR with primers 5 and 7 (Fig 1) . When the sizes of PCR products were compared, the fragment derived from the WslWs rats was apparently smaller than that of the BN-+ / + rats (Fig 3) . Moreover, two distinct bands were detected in PCR products derived from Ws/+ rats.
DISCUSSION
First we characterized the rat c-kit cDNA, which was isolated from the cDNA library prepared from the hippocampus of Sprague-Dawley rats. An open reading frame of 2,934 bases predicted a protein composed of 978 amino acids. Proteins predicted from the mouse'' and human" c-kit cDNA consist of 975 and 976 amino acids, respectively. Sequences of both nucleotides and amino acids are highly conserved among rats, mice, and humans.
Sequencing of the c-kit cDNA from Wsl Ws rats showed the deletion of nucleotides 2520 through 2531. This change was a result of the deletion of the genomic DNA. Four amino acids predicted from the deleted 12 bases are residues 826 through 829, which are located at two amino acids downstream from the tyrosine autophosphorylation site (residue 824) (Figs 2 and 4) . These four amino acid residues are conserved not only in murine and human c-kit proteins,''B1' but also in murine and human c-fms proteins (ie, colony-stimulating factor-1 receptor^),'^-^^ and appear to have an important physiologic role (Fig 4) . Therefore, the WslWs rat is the first mutant of the c-kit gene in the animal species other than the mouse.
Heterozygous Ws/+ rats showed a coat color dilution, an amenia, and a mast-cell deficiency of considerable degree.'
The phenotype of Wsl + heterozygous rats is similar to that of W 3 7 / + , W / + (=W"/+), W 4 2 / + , and W " / + heterozygous mice, but not to that of W / + and W'9H/+ m i~e . '~*~'~-~~ Nocka et all9 and Reith et al" pointed out an interesting aspect of W (c-kit) mutations of mice, in that they display the differing degrees of dominance in the heterozygous state. W / + mice have a vent.ra1 spot but no coat color dilution and normal numbers of erythrocytes and mast cell^.^^'^^^^ In their weak mutant phenotype Wl+ heterozygous mice resemble heterozygotes of the W'9H mutation, which results from a large deletion including the W (c-kit)
In agreement with the nil1 phenotype of the W mutation, the W allele has been shown to encode a nonfunctional c-kit protein that is not expressed on the cell ~urface.'~~~' By contrast, the W", W, W4', and W" alleles 
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ATCAGATATGTGAACGAACTTCGCCTGACCAGATTGAAAGGCACAGAAGGAGGCACTTACACCTTTCTGGTGTCCAACTCTGATGTCAGTGCTTCCGTGACATTTGATGTTTATGTGAACACAAAACCA 1 Fig 1) were used to amplify the intervening genomic DNA sequences. The annealing temperature of PCR was 5B"C. Amplified products were analyzed on 4% NuSieve GTG agarose gel (FMC BioProducts, Rockland, ME) with Haelll-digested pBR322 plasmid DNA as a size marker (M We havc not cxamincd whether the deletion of four amino acids impairs the tyrosine kinase activity of the c-kit protein cncodcd by the mutant Wr allele. Moreover, we have not confirmed the normal cxprcssion of the c-kit protein on the surface of cultured mast cells derived from the bone marrow of Ws/Ws rats, as reported in the case of W / W , W'-'/ W", and W"/W" mice.'"''' We are now attempting to perform these experiments. Without them, we cannot cxcludc the possibility that the phenotype of WT/WF rats is a result of mutations at genes other than the c-kit. However, Menderian segregation of the Ws mutant allele with the 12-base deletion among WslWs, Wsl+, and +I+ rats strongly suggests that the 12-base deletion of the c-kit genomic DNA is responsible for the mutant phenotype.
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